This case study was undertaken in an effort to assess whether children/adolescents with Autism Spectrum Disorder (ASD) experience improvement in comorbid ADHD following Cogmed Working Memory Training (CWMT). This treatment intervention has been shown to improve ADHD symptoms in children and adolescents; however, there have been no studies on its use with individuals with ASD.
Background
In the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, (DSM-V), Autism Spectrum Disorder (ASD) is characterized by persistent deficits in communication and interaction, and restrictive, repetitive patterns in behavior, interests, and activities. Individuals with ASD also often have difficulties with distractibility, impulsivity, high activity level, and emotional reactivity. In DSM-IV, these symptoms were subsumed under a diagnosis of Autistic Disorder, while in DSM-V, a diagnosis of Attention Deficit Hyperactivity Disorder (ADHD) is made separately [1] . Deficits in working memory have been postulated as one of the underlying factors in ADHD [2, 3] . Working memory is defined as short-term memory applied to cognitive tasks, as a multi-component system that holds and manipulates information in short-term memory. Essentially, it is the use of attention to manage short-term memory [4] . Cogmed Working Memory Training (CWMT) is a computer program that first demonstrated improvement in ADHD symptoms in the Klingberg et al. study in the Journal of the American Academy of Child and Adolescent Psychiatry in 2004 [5] . Since then, additional studies on the effectiveness of CWMT in treating ADHD symptoms have been performed. Of the studies performed, several support the conclusion reached in the initial Klingberg et al. study, and, while other studies found no evidence of improvement in ADHD symptoms after CWMT, further study of the program was advocated [6, 7] .
In October of 2006, our practice began utilizing CWMT on children/adolescents with ADHD. Out of over 400 children/ adolescents that have completed the training in our practice, a majority have exhibited improvement in their ADHD symptoms. Despite the fact that individuals with ASD frequently suffer from comorbid ADHD, there have been no published data about the potential of utilizing CWMT for this population. Individuals with ASD are often more sensitive to medication side effects and do not consistently have robust benefits from pharmacologic intervention [8, 9] . It was hypothesized that individuals with ASD might respond positively to CWMT, given their clinical presentation, including obsessive-compulsive characteristics and interest in routine and structure. Given this, as well as the very benign nature of this intervention, it appeared reasonable to consider trials of CWMT for ADHD for individuals with ASD.
Material and Methods
The participants chosen for this study were the first 15 children and adolescents with ASD and comorbid ADHD who completed CWMT in our practice from 2007 to 2009. All 15 participants in this study undertook a single trial of CWMT, with the exception of participant #15, who completed a second trial due to an expressed interest in potentially improving benefits. Prior to CWMT, each of the 15 participants in this study initially went through a 3-part child and adolescent psychiatric evaluation. The majority of these individuals had significant comorbidities, as seen in Table 1 . For the duration of CWMT and for 1 month after completing CWMT, no changes were made to the participant's treatment or medication. Before beginning this study, Investigational Review Board approval from Munson Medical Center was requested by the first author and, after review by this committee, the study was exempted. Parents of the individuals who were included in this review expressed an interest in the CWMT treatment intervention. After being provided with information and giving informed consent, a trial of CWMT was undertaken.
CWMT utilizes approximately 13 auditory, visual, and visual spatial or combined exercises done on a daily basis on the computer. The computer program is in the guise of a video game and uses a robot mascot to encourage and coach the participants. The participants spent approximately 45 minutes a day, 5 days a week, for 5 weeks, on the CWMT computer program working their way through multiple intense memory exercises. The simplest example of the 13 exercises required the participant to remember the order of flashing lights on a 4 by 4 grid. The participant then needed to recall the presentation of the variables and enter them into the program in the correct order. When the participant demonstrated that they are able to do this consistently, another variable was added. When the participant made an error, the variables did not decrease to where the participant originally started, but instead either stayed the same or decreased by one variable at a time. The participant's progressed through the program with a training aide, usually a parent, as well as with a Cogmed-trained coach who spoke with the parent and child at least once per week over the phone. The coach, participant, and training aide, with the appropriate password, were able to log in to Cogmed and view the participant's progress each day in a user-friendly manner, that is available in the form of understandable graphs.
A retrospective chart analysis of this group, assessed by the first author approximately 1 month after completion of CWMT, was accomplished by averaging parent, child, teacher, and clinician ratings, standardized questionnaires, and continuous performance tests when available. This was done using the definition of improvement in a patient's comorbid ADHD of 10% to 30% as mild, improvement of 30% to 50% as moderate, and improvement greater than 50% as large. To further assess the potential longitudinal effects of CWMT, a brief questionnaire was mailed out to all participants' parents in June of 2009 followed by a phone interview 25 months later. Depending on when the participants completed CWMT, the questionnaires and phone interviews were completed anywhere from 4 to 32 months and 29 to 57 months after treatment intervention, respectively.
Both the questionnaire and phone interview asked parents to indicate their perspective of how their child's benefits had changed over time. Specifically, parents were asked to rate their child's changes in 5 categories that they felt were secondary to CWMT. These included attention and focus, impulsivity, emotional reactivity, and academic achievement. An additional category of social interaction/social awareness was added after some parents spontaneously commented on improvements in this area during the one-month follow-up. Some of the improvements noted included increased eye contact, reciprocal conversation, understanding of nonverbal communication, awareness of personal space and surroundings, and success in relationships. In each of the categories, parents were asked to rate changes as: "not at all," "a small amount," "a medium amount," or "a large amount." During the phone interview, participants who were now over the age of 18 were also interviewed along with their parents when possible. At the bottom of the questionnaire and at the end of the phone interview, parents and the participants themselves were asked if they had any additional comments ( Figure 1 ). These anecdotal responses were then recorded and collected. For the purposes of this paper, 2 of these 15 participants will be discussed in detail, although data from all 15 participants will be included. Participant #7 and participant #11 will be discussed under the pseudonyms Mark and Tracey.
Please feel free to write in below; any addtional changes in your child which relates to their experience of going through Cogmed Working Memory Traing:
Working Memory Training Follow-Up Survey
Research and experience has shown that after completing Working Memory Training, some individuals' benefits improve over time, some individual' s benefits decrease over time, and some individuals' benefits stay the same. The following series of questions are designed to attempt to assess this for your child. Please circle the most appropriate response.
My child's bene ts from Working Memory Training have:
Decreased
Stayed the Same Improved
Not at all A small amount A medium amount A large amount
Research and experience has shown that expanding Working Memory Training can affect many areas of an individuals' life in positive ways. Rate any changes in the following areas in your child currently that you feel are secondary (related) to Cogmed Working Memory Training. Circle the most appcopriate response.
Atention and Focus:
Impulsivity:
Not at all A small amount A medium amount A large amount Emotional reactivity:
Academics:
Social Interaction/Social Awareness:
Not at all A small amount A medium amount A large amount 
Results
As seen in Figure 2 , the retrospective review of the data at one-month post-training demonstrated that of the 15 participants reviewed, 2 showed no change, 4 showed mild improvement, 6 showed moderate improvement, and 3 showed large improvement with their comorbid ADHD. In addition, this retrospective review of the data at one-month post-CWMT revealed that 5 of the individuals who had improvements in their comorbid ADHD also described positive changes in their social interaction/social awareness.
At 1-month follow-up, Mark's parents noted that he was more socially confident and aware and was focusing approximately 20% better overall. Mark himself noted an improvement in concentration and focus of 80% and felt positive about the training. One month after completing CWMT, Tracey's mother noticed that she was more settled and more "functional". She reported that her daughter had a number of successful social experiences since completing CWMT. Tracey described an improvement of approximately 50% in focus, concentration, and organization since completing CWMT.
After data from the follow-up questionnaires were collected, it was determined that out of the 15 participants who took part in the case study, 2 had still received no benefits, 1 had experienced a decrease in benefits, 4 had benefits that stayed constant, and 8 had an increase in overall benefits, as shown in Table 2 . Figures 3-7 illustrate the findings in each specific area described above, with improvement noted on the X-axis and the consistent patient ID noted on the Y-axis. As illustrated in Figures 3-7 , the majority of the participants experienced an increase in benefits in all 5 specific areas of interest, with 11 noting greater success in their social interaction/social awareness. It should be noted that patient #10, whose parent did not return the questionnaire, was included in all of the following graphs as a non-responder to CWMT in all areas. At an appointment, with the first author assessing overall functioning and pharmacologic needs, approximately 6 months after completion of CWMT, his father reported no benefits. Table 2 . Parent perspective of benefits from CWMT at time of written follow-up questionnaire. As portrayed in Table 3 , of the 13 parents who took part in the phone interview, 9 of them reported that their children's benefits from CWMT had increased or stayed the same as compared to the second follow-up. All of the participants who were contacted who were over the age of 18 agreed with their parents on this assessment (Figures 8-12 ).
Patient ID Result
Specifically, in the areas of social interaction/social awareness and attention and focus, 10 of the 15 parents reported that their child/participant were still experiencing benefits. Out of these 10 participants, 5 were over the age of 18 and all 5 described ongoing benefits in their social interaction/social awareness and attention and focus.
Both Mark and Tracey reported that changes in functioning stayed the same or improved since the 1-month follow-up. Mark thought that benefits had stayed the same, but his mother endorsed an improvement. They both noted a moderate to large improvement in Mark's attention and focus, impulsivity, and social interaction/social awareness. Mark's mother reported that the most noticeable change in her son's functioning was in his emotional reactivity; however, Mark only described a minor change in this area. His mother described that Mark was no longer "bent out of shape" when his interaction with others did not go exactly as planned. Also, while Mark noted no change in his academics, his mother believed that it had improved a moderate amount, noting an improvement in his grades in classes he was not interested in.
Tracey, along with her mother, described her benefits as having stayed the same since the last follow-up. Both noted a small to moderate improvement in her attention and focus, impulsivity, emotional reactivity, and academics. While Tracey reported a moderate change in her social interaction/social awareness, her mother thought she had experienced a large change, as she was now calling and receiving calls from peers and making new friends. Tracey's mother stated that "We have a more connected and more aware daughter". Tracey described noticing large improvements in her organizational skills, including more successfully keeping her school work "together" and more independently managing her time, which she previously 
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Weckstein struggled with and which frequently led to significant anxiety. She acknowledged that this appeared to be a long-lasting benefit that had significantly reduced her "stress".
LABORATORY RESEARCH

Discussion
As a whole, it appeared that CWMT, as a treatment intervention utilizing computers, interactive memory challenges, and a consistent structure, along with routine and limited contact with a therapist/coach over the phone, fit well with the characteristics of individuals with ASD. Most of the participants in this study described enjoying the process, and were interested in continuing the exercises at follow-up if possible. Overall, they were motivated to complete the exercises on a daily basis as it fit well into their need for sameness and interest in structure and a consistent routine.
The majority of the 15 participants with ASD experienced improvement in their ADHD symptoms after CWMT. Surprisingly, Table 3 . Parent perspective of benefits from CWMT at phone interview. some parents/participants also noted an improvement in their social interaction/social awareness. Some of these changes included, "appears more mature and aware of his surroundings", "she seems more confident and happy", "improved eye contact", "starting conversations with others more frequently", "asking me about my day", "talking with me and not at me", and "respecting other people's personal space better". This information was exciting, as there are many treatment interventions which have been designed to improve social interaction/social awareness for individuals with ASD, yet none have been shown to consistently and significantly benefit impairments. The improvement of all symptoms at 1 month after CWMT was also intriguing, as clinical experience suggests that a significant portion of individuals who complete CWMT do not show substantial benefit until a few months after completion. The data collected from the 2 long-term follow-ups are promising and show that CWMT had continued longitudinal benefits on ADHD symptoms and social interaction/social awareness. Furthermore, the number of participants who experienced this benefit in social interaction/social awareness increased from 5 at the initial 1-month follow-up to 10 at the final phone interview.
There are a number of limitations regarding this retrospective study that are readily acknowledged by the authors, which include: no control group; a small sample size; various comorbidities; and ongoing and varied treatment interventions, including routine medication changes (there were no changes to medications or treatment interventions during CWMT and for 1 month following completion). Also, the follow-up questionnaire and phone interview were designed for the purpose of this study to be simple and concise and had not been used previously in clinical practice or research. Due to the long period of time that had elapsed from the participants' completion of CWMT to the time of the questionnaire and phone interview, many parents, participants themselves, and the clinicians involved noted difficulty in trying to accurately gauge whether the longer-term benefits that the participant experienced were secondary to CWMT or due to brain maturation, changes in medication, or other treatment interventions.
Conclusions
This retrospective chart analysis and follow-up has been illuminating and has preliminarily demonstrated the effectiveness of CWMT in improving ADHD symptoms as well as social interaction/social awareness in children and adolescents with ASD. CWMT is a benign treatment intervention whose computer-based program is enjoyed by and fits well with the inherent cognitive style of people with ASD. Due to these factors, it is possible that this population may be more responsive to
